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@> Optical recording/reproducing apparatus. 

(57) An optical recording/reproducing apparatus 
comprises a semiconductor laser having a 
plurality of radiative portions formed at different 
heights on a same substrate and a spot forming 
system for arranging beams from the plurality of 
radiative portions in the semiconductor laser to 
form a plurality of light spots on an information 
record medium for information record and re- 
production. In the apparatus the spot forming 
system forms a first recording light spot and a 
first reproducing light spot on a first infor- 
mation track on the information record medium 
and forms a second recording light spot and a 
second reproducing light spot on a second 
information track different from the first infor- 
mation track on the information record 
medium. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an optical record- 
ing/reproducing apparatus such as the optical disk 
apparatus. More particularly, the invention relates to 
an optica! recording/reproducing apparatus with a 
plurality of laser beam sources which can perform 
overwrite and re production for verification immediate- 
ly after recording, substantially at the same time and 
in parallel. The optical recording/reproducing appara- 
tus of the present invention is effectively applicable to 
magneto-optical recording/reproducing apparatus. 

Also, the present invention relates to a semicon- 
ductor laser array which has a plurality of laser units 
on a single substrate and which can drive them inde- 
pendently of each other. 

Related Background Art 

Recent research and development is vigorous for 
increasing the transfer rate of magneto-optical disk 
apparatus. Presently commercially available magne- 
to-optical disk apparatus require three rotations of 
disk for erasure, for record and for reproduction (ver- 
ification) in data writing, and have a drawback that the 
data transfer rate, especially in recording, is lower 
than that in use of hard disk or the like. Then, there 
are various apparatus proposed, for example a re- 
cording/reproducing apparatus and a record medium 
of overwrite type in which recording and erasure are 
carried out during a rotation of disk, a recording/repro- 
ducing apparatus in which a plurality of light spots are 
formed to carry out verification right after recording, 
and an apparatus in which a plurality of light spots are 
formed to carry out recording and reproduction in par- 
allel. 

Proposed as overwritable magneto-optical disk 
apparatus is one of a type in which a magnetic field 
applied to a magneto-optical record medium is modu- 
lated according to record information, as described in 
Japanese Laid-open Patent Application No. 51- 
107121. In addition to that, another magneto-optical 
disk apparatus is proposed for example in Japanese 
Laid-open Patent Application No. 64-82348, in which 
a series of erasure-record-reproduction processes 
are finished during a rotation of disk with beams for 
recording and for verification being located on a track. 
These are called as magnetic field modulation over- 
write method, because the magnetic field applied to 
magneto-optical record medium is modulated accord- 
ing to record information. Also, there are record me- 
dia which are overwritable by modulating a light beam 
for writing information into magneto-optical record 
medium, as proposed for example in Japanese Laid- 
open Patent Application No. 62-175948 or in Japa- 
nese Laid-open Patent Application No. 63-268103. 



These record media enable overwrite by the structure 
that multiple magnetic layers different in properties of 
Curie temperature and coersivity are exchange-cou- 
pled with each other. These are called as optical mod- 

5 ulation overwrite method. 

Further, for example Japanese Laid-open Patent 
Application No. 54-146613 or Japanese Laid-open 
Patent Application No. 64-19535 describes apparatus 
in which a plurality of light sources form a plurality of 

10 light spots on adjacent tracks on a record medium to 
perform parallel recording/reproduction. These ach- 
ieved parallel recording and reproduction by using a 
semiconductor laser array as light source and an opt- 
ical system almost identical to that in conventional 

15 magneto-optical disk apparatus using a single light 
source. 

As described above, the magneto-optical disk ap- 
paratus can be improved to increase the data transfer 
rate up to that of hard disk or more than that, utilizing 

20 the property that the optical system allows multiplex 
transmission of plural light beams. 

If an attempt is made to execute overwrite and 
verification immediately after recording by a plurality 
of laser beam sources within a rotation of disk and in 

25 parallel in order to further increase the transfer rate 
of magneto-optical disk apparatus, combinations of 
conventional technology make the construction of 
optical system too complex to achieve the attempL 
For electrophotographic printers or optical infor- 

30 mation recording/reproducing apparatus using semi- 
conductor laser as light source, a method is being 
studied for simultaneous and parallel processing of a 
plurality of lines or a plurality of tracks with a plurality 
of laser beams and via a single optical system in order 

35 to improve the processing speed. 

Fig. 1 is a schematic drawing to show an optical 
system in a conventional optical information record- 
ing/reproducing apparatus. In Fig. 1, reference nu- 
meral 112 denotes a light source, 113 a collimator 

40 lens, 114 a beam splitter, 115 an objective lens, 116 
a record medium, 117 and 120 condenser lenses, 118 
a light quantity detecting sensor, 119 a half-wave 
plate, 121 a cylindrical lens, 122 a polarization beam 
splitter, 123 a first signal detecting sensor, and 124 a 

45 second signal detecting sensor. A plurality of beams 
from the light source 12 are aligned in the direction of 
arrows 125 in Fig. 1 . Each beam emitted from the light 
source 112 is split into two by the beam splitter 114, 
reflected light thereby passes through the condenser 

50 lens 117 to be focused on the light quantity detecting 
sensor 118. Alight quantity of each beam is detected 
by a sectioned light receiving portion (not shown) for 
the each beam. Transmitted light by the beam splitter 
114 is converged by the objective lens 115 to form a 

55 spot on the record medium 116, with which informa- 
tion recording or reproduction is carried out Reflect- 
ed light by the record medium 116 is again reflected 
by the beam splitter 114, and a plane of polarization 
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of the reflected light is rotated by 45 degrees by the 
half-wave plate 119. Then, the light is guided to pass 
through the condenser lens 120 and the cylindrical 
lens 121 to form astigmatic beams. The polarization 
beam splitter 122 further guides the beams to the first 
and second signal detecting sensors 123, 124. Alight 
receiving surface (not shown) of first or second signal 
detecting sensor is so divided as to independently re- 
ceive the plural beams of reflected light correspond- 
ing to the beams from the light source 112. In partic- 
ular, one of sensor units in the first signal detecting 
sensor is formed as a quarter-sectioned sensor, 
which detects a track deviation and a defocus amount 
of a beam converged from an astigmatic beam onto 
the record medium. The first and second signal de- 
tecting sensors reproduce information recorded in the 
record medium by detecting a differential output be- 
tween two separate light receiving portions, which 
are for detecting respective beams from a same 
beam. A permanent magnet 90 applies an external 
magnetic field as auxiliary magnetic field to a micro 
region of beam spot in information record. 

Fig. 2 shows a positional relation between the 
beams and the tracks on the record medium. Each of 
the beams from the light source 112 is positioned on 
a track of record medium, and the lasers emitting the 
beams are operated independent of each other, 
which enables parallel record and reproduction of up 
to the number of beams. 

Since return light from record medium is coupled 
with the original beam in reproduction and thereby 
causes return light induced noises, a measure is nor- 
mally employed for reducing the coherence of laser 
by providing an external high-frequency overlay cir- 
cuit. 

It is important that the light source employed in 
such an apparatus shown in Fig. 1 have a high output 
power and even properties of laser beams, in order 
that each laser for emitting a beam is effective for re- 
cord and reproduction. A conventional light source 
used for such a purpose is a semiconductor laser ar- 
ray integrated on a single substrate in the monolithic 
manner. Fig. 3 shows the structure of a conventional 
semiconductor laser array. This is an example of sem- 
iconductor laser array of inner stripe type produced 
by the liquid phase epitaxy (LPE). 

In Fig. 3, reference numeral 101 designates p-ty- 
pe GaAs substrate for crystal growth thereon, 102 n- 
type GaAs current block layer for current constriction 
in the inner stripe structure, 103, 104, 105 p-type Al- 
GaAs first clad layer, AIGaAs active layer, and n-type 
AIGaAs second clad layer, respectively, constituting a 
double heterojunction, 106 n-type GaAs cap layer, 
107, 108 electrodes, 110 integrated laser emission 
portion, and 111a separation groove for enabling in- 
dependent drive of the integrated lasers. 

The production process of semiconductor laser 
array is next described. 



First crystal growth is carried out to form a block 
layer 102 on a flat substrate 101. Etching is next done 
to form grooves for inner stripes, whereby the block 

5 layer 102 has stripes in width (W2) at intervals of 
about 1 00 urn and grooves in depth reaching the sub- 
strate 101. Next, second crystal growth is carried out 
to form layers 103-106. The first clad layer 103 is 
formed while preferentially filling up the etched 

10 grooves, which is the property of liquid phase epitaxy, 
and has a substantially flat surface above the 
grooves. Accordingly, the active layer 104, the sec- 
ond clad layer 105 and the cap layer 106 above the 
third layer are also formed in substantially parallel 

15 layer to the substrate 101 by crystal growth. The first 
and second clad layers and the active layer 104 
therebetween form a double heterojunction to be a 
laser waveguide. Then, a separation groove 111 is 
formed to electrically separate the integrated laser 

20 waveguides from each other by etching the middle 
portion between radiative portions 110 from the top 
of cap layer 106 to the substrate 101 . A cathode elec- 
trode 108 is formed on each of the n-type cap layers 
106 separated by the separation groove 111, while an 

25 anode electrode 107 is formed on the bottom of the 
p-type substrate 101. 

The conduction type of each layer may be re- 
verse in the above semiconductor laser array. 

When a voltage is applied between the electro- 

30 des, a current flowing between the electrodes is con- 
stricted by the block layer 102. The constricted cur- 
rent is efficiently injected into the limited active layer 
region on the groove to oscillate laser. A radiative por- 
tion 110 is in the active layer 104 while located above 

35 the etched groove in the block layer 102. Since the 
cathode electrodes 108 on the cap layers 106 are 
separated from each other by the separation groove 
111, an arbitrary laser may be independently driven 
by turning on and off a corresponding cathode elec- 

40 trode. The far field pattern FWHM (full-width at half 
maximum) beam size in the direction parallel to the 
junction plane (0| I) is generally determined by the 
stripe width while the far field pattern FWHM beam 
size in the direction normal to the junction plane (01) 

45 by the thickness of active layer. 8 1 I is designed to be 
about 9 degrees to 10 degrees in order to obtain a 
high output property over 30 mW necessary for re- 
cording and to decrease the astigmatic difference in 
low output. Also, 9X is often designed to be below 

so about 25 degrees to obtain the high output property. 
As described above, the conventional semiconductor 
laser array can provide beams with high output and 
equal property, and therefore is used as light source 
effective for parallel processing in electrophotograph- 

55 ic printers or in optical information recording/repro- 
ducing apparatus. 

The conventional semiconductor laser array, 
however, has such an arrangement that high output 
lasers having the same property of rated output of 
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about 30 mW are integrated therein, and is evaluated 
as to the low output property in reproduction by the 
characteristics shown upon operation of the high out- 
put lasers at about 3 mW. A high output laser needs 5 
to have an increased stripe width in order to assure 
the high output property necessary for recording, 
which causes a problem of increase in astigmatic dif- 
ference upon low output operation. Also, since the 
wavelength of laser becomes longer in proportion to w 
the operation current, there is a wavelength differ- 
ence between recording beam and reproducing beam 
of about 3-5 nm. If the beams are focused through the 
same optical system onto a track, the variation of as- 
tigmatic difference or the wavelength difference will 15 
cause relative defocus or degradation of record or re- 
production quality. 

In addition, since the noise property is consider- 
ably degraded by the coupling of laser beam with re- 
turn light in reproduction, the external high-frequency 20 
modulation is necessary, which requires an extra cir- 
cuit. 

It is an object of the present invention to provide 
a semiconductor laser array most suitable to increase 
the transfer rate of optica! information recording/re- 25 
producing apparatus. Specifically, two beams are 
positioned on a same track, a forward beam of which 
is used for recording and a following beam of which 
is for reproduction. This arrangement enables the 
verification operation immediately after recording, 30 
which omits the rotation wait time so as to increase 
the transfer rate. 

Fig. 4 shows the construction of another conven- 
tional semiconductor laser array which can be used in 
the apparatus shown in Fig. 1. In Fig. 4, same por- 35 
tions are denoted by the same reference numerals as 
those in Fig. 3. The semiconductor laser array of Fig. 
4 is different from that of Fig. 3 in that the array has 
four laser units, and may be produced in the same 
manner. 40 

Fig. 5 shows the positional relation between 
tracks and beam spots on a record medium in case of 
this semiconductor laser array being used. If a beam 
spacing is D between beam spots from the light 
source 112 and if the track pitch of record medium is 45 
L, a laser beam can be positioned on each track when 
a line of the spots is rotated by G=sin- 1 (L/D) with re- 
spect to the track direction. The laser units emitting re- 
spective beams can be controlled independent of 
each other, so that recording or reproduction can be 50 
carried out in parallel in the number of beams. 

Since all radiative points are arranged at the 
same height from the same substrate in the above 
conventional example, they are aligned on a straight 
light on the record medium, which is convenient for 55 
parallel processing of all radiative points. This ar- 
rangement, however, never permits at least two radi- 
ative points to be located on a same track and other 
radiative points to be located on a track adjacent to 



the track. The optical information recording/reproduc- 
ing apparatus needs erasure, record and reproduc- 
tion processes for a record operation, so that three ro- 
tations of disk are necessary at maximum for complet- 
ing the recording operation. A method for completing 
the erasure, record and reproduction processes with- 
in a rotation of disk is to perform consecutive process- 
es thereof with two spots being positioned on a same 
track. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a monolithic semiconductor laser array which en- 
ables completion of record operation within a disk ro- 
tation with two spots being positioned on a same track 
and which also enables parallel processing over a 
plurality of tracks. 

The present invention provides an optical record- 
ing/reproducing apparatus for information record and 
reproduction in which beams from a plurality of sem- 
iconductor laser sources are guided through an opti- 
cal system to form fine light spots on a plurality of pre- 
determined tracks on an optical record medium, 
wherein when radiative portions in said semiconduc- 
tor laser sources are imaged through the optical sys- 
tem a plurality of images t hereof are aligned substan- 
tially in the track direction such that at least two out 
of the plurality of radiative portions have a different 
coordinate value in the direction perpendicular to the 
track direction from that of the other radiative por- 
tions, wherein light spots corresponding to arbitrary 
two or more radiative portions out of the laser sources 
are formed on a first track by the said optical system 
for focusing the beams from the laser sources onto 
the optical record medium, and wherein light spots 
corresponding to other two or more radiative portions 
out of the laser sources are formed on at least a track 
including a second track other than the first track. 

Also, the present invention provides a semicon- 
ductor laser array of inner stripe type with a plurality 
of laser units formed on a same substrate as can be 
driven independent of each other, in which the plur- 
ality of laser units are different in stripe width. 

Further, the present invention provides a semi- 
conductor laser array with a plurality of laser units 
formed on a same substrate as can be driven inde- 
pendent of each other, in which the plurality of laser 
units comprise a low-output laser unit having a satur- 
able absorption region in waveguide and a high- 
output laser having no saturable absorption region in 
waveguide. 

Furthermore, the present invention provides a 
semiconductor laser array of double heterojunction 
type with a plurality of laser units formed on a same 
substrate as can be driven independent of each other, 
in which the plurality of laser units are different in 
height of from the bottom surface of substrate to an 
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active layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Fig. 1 is a schematic drawing to show an optical 
system in an optical information recording/repro- 
ducing apparatus; 

Fig. 2 is a drawing to show a positional relation 
between laser beams and tracks in a convention- 10 
al example; 

Fig. 3 is a drawing to show a conventional semi- 
conductor laser array; 

Fig. 4 is a drawing to show a conventional semi- 
conductor laser array; 15 
Fig. 5 is a drawing to show a positional relation 
between laser beams and tracks on a convention- 
al record medium; 

Fig. 6 is a constitutional drawing to show a sem- 
iconductor laser array as a light source portion in 20 
a magneto-optical disk apparatus of the present 
invention; 

Fig. 7 is a detailed drawing to show the radiative 
portion of Fig. 6; 

Fig. 8 is a drawing to show an optical system in a 25 
magneto-optical disk apparatus of the present in- 
vention; 

Fig. 9 is a drawing to show an arrangement of 

light spots on a magneto-optical disk; 

Fig. 10 is a drawing to show an embodiment of 30 

semiconductor laser array; 

Fig. 11 is a drawing to show an arrangement of 

light spots on a magneto-optical disk; 

Fig. 12 is a drawing to show an embodiment of 

semiconductor laser array; 35 

Fig. 13 is a drawing to show an arrangement of 

light spots on a magneto-optical disk; 

Fig. 14 is a drawing to show an embodiment of 

semiconductor laser array; 

Fig. 15 is a drawing to show an arrangement of 40 

light spots on a magneto-optical disk; 

Fig. 16 is a drawing to show an embodiment of 

semiconductor laser array; 

Fig. 17 is a drawing to show an RF-servo signal 

detection system suitable for magneto-optical 45 

disk apparatus of the present invention; 

Fig. 18 is a drawing to show an RF-servo signal 

detection system suitable for magneto-optical 

disk apparatus of the present invention; 

Fig. 19 is a drawing to show an RF-servo signal so 

detection system suitable for magneto-optical 

disk apparatus of the present invention; 

Fig. 20 is a drawing to show an optical system in 

a magneto-optical disk apparatus of the present 

invention; 55 

Fig. 21 is a drawing to show an optical system in 

a magneto-optical disk apparatus of the present 

invention; 

Fig. 22 is a drawing to show a photodetector in 



Fig. 21; 

Fig. 23 is a drawing to show an optical system in 
a magneto-optical disk apparatus of the present 
invention; 

Fig. 24 is a drawing to show a photodetector in 
Fig. 23; 

Fig. 25 is a drawing to illustrate a servo signal de- 
tection method; 

Fig. 26 is a drawing to illustrate a servo signal de- 
tection method; 

Fig. 27 is a drawing to show a light quantity con- 
trol system in a semiconductor laser array of the 
present invention; 

Fig. 28 is a drawing to show an embodiment of 
semiconductor laser array of the present inven- 
tion; 

Fig. 29 is a drawing to show a relation between 
light power and operation current of semiconduc- 
tor laser; 

Fig. 30 is a drawing to show a relation between 
astigmatic difference and 8 1 I ; 
Fig. 31 is a drawing to show a positional relation 
between laser beams and tracks; 
Fig. 32 is a drawing to show an embodiment of 
semiconductor laser array of the present inven- 
tion; 

Fig. 33 is a drawing to show a positional relation 
between laser beams and tracks; 
Fig. 34 is a drawing to show an embodiment of 
semiconductor laser array of the present inven- 
tion; 

Fig. 35 is a drawing to show a relation between 
light power and operation current of semiconduc- 
tor laser; 

Fig. 36 is a drawing to show an embodiment of 
semiconductor laser array of the present inven- 
tion; 

Fig. 37 is a drawing to show an embodiment of 
semiconductor laser array of the present inven- 
tion; 

Fig. 38Ato Fig. 38F are drawings to illustrate the 
production process of semiconductor laser array 
of Fig. 37; 

Fig. 39 is a drawing to show a positional relation 
between laser beams and tracks; 
Fig. 40 is a drawing to show an embodiment of 
semiconductor laser array of the present inven- 
tion; and 

Fig. 41 is a drawing to show a positional relation 
between laser beams and tracks. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The first embodiment of the optical recording/re- 
producing apparatus according to the present inven- 
tion is first described with reference to Fig. 6 to Fig. 
9. 
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Fig. 6 shows the construction of a semiconductor 
laser array, which is a light source portion in a mag- 
neto-optical disk apparatus of the present invention. 
A semiconductor laser array chip 7 has four radiative 
points 1 to 4 for example. The four radiative points are 
formed for example on a same n-type GaAs substrate 
5. The substrate has two different heights in the direc- 
tion of arrow. The semiconductor laser structure of 
typical inner stripe type is formed on the substrate. 
The chip structure of each semiconductor laser is now 
described with one including the radiative point 1. 
Reference numeral 1-2 designates a positive elec- 
trode, 1-3 a cap layer for example of p-type GaAs, 1- 
4 an upper clad layer of p-type GaAIAs, 1-5 an active 
layer of n-type GaAIAs, 1-6 alower clad layer of n-ty- 
pe GaAIAs, 1-7 a current block layer of p-type GaA- 
IAs, and 6 a negative electrode. The lasers including 
respective radiative points 2 to 4 have the same chip 
structure. V-shape grooves provided between the ra- 
diative points are for cutting of f thermal crosstalk and 
electric crosstalk between adjacent radiative points. 

The radiative point portion in the semiconductor 
laser array 7 of inner stripe type as described above 
is further described in detail with Fig. 7. As shown in 
Fig. 7, the four radiative points 1 to 4 are so arranged 
that for example radiative points 1 and 3 are formed 
at a same height on the substrate while radiative 
points 2 and 4 are at another same height on the sub- 
strate, where a relative difference between the two 
heights is d, a distance between radiative points 1 and 
2 and a distance between radiative points 3 and 4 are 
Di, and a distance between radiative points 2 and 3 
is D 2 . The distances and D 2 may be equal to each 
other. Let a distance between a line connecting the 
radiative points 1 and 2 and a line connecting the ra- 
diative points 3 and 4 be d\ If d is sufficiently small 
as compared with the distances D 1t D 2 , then d' can be 
expressed by the following equation: 

d'=(Di + D 2 )sin9 = {(D, + D 2 )IDJd (1). 

Fig. 8 is a constitutional drawing to show a mag- 
neto-optical disk apparatus using the semiconductor 
laser array 7 shown in Figs. 6 and 7 as light source. 
Beams emitted from the semiconductor laser array 7 
are collimated by a collimator lens 8 then to pass 
through a polarization beam splitter 9 and are imaged 
by an objective lens 10 in four fine light spots on a 
magnetic layer surface 12 of a magneto-optical disk 
11, which is overwritable by the optical modulation 
method for example. Arrows 13 represent the track 
direction of the magneto-optical disk. 

The light spots on the magneto-optical disk 11 are 
now described with Fig. 9. Images of the radiative 
points 1 to 4 are formed as fine light spots 22-25 on 
arbitrary adjacent tracks 26 and 27 through the opti- 
cal system shown in Fig. 8. The radiative point 1 cor- 
responds to the light spot 22 for overwrite on the track 
26. the radiative point 2 to the light spot 23 for direct 
verification on the track 26, the radiative point 3 to the 



light spot 24 for overwrite on the track 27, and the ra- 
diative point 4 to the light spot 25 for direct verification 
on the track 27. Numerals 28-30 are guide grooves for 
5 tracking, and a pitch between tracks is represented by 
P. The light spots 22, 23 and the light spots 24, 25 can 
be located on the adjacent tracks for example by ro- 
tating the semiconductor laser array 7 shown in Fig. 
8 by a slight angle 0 with respect to the track direction 
10 1 3. The beams emitted from the semiconductor laser 
array 7 are polarized in the arrow direction in the 
plane of Fig. 8. Thus, if the polarization beam splitter 
selected has the property to reflect almost 100 % of 
s-polarized light, the beams emitted from the semi- 
15 conductor laser array 7 will have the direction of po- 
larization nearly parallel to the track direction 13 on 
the magneto-optical disk 11. 

The two sets of light spots can be positioned on 
the adjacent tracks by setting values for the optical 
20 system as follows. When the collimator lens has a fo- 
cal length f, and the objective lens a focal length f 2 , 
a lateral magnification of the optical system is fjt } . 
Thus, a radial distance between the light spots may 
be approximately given by the following equation. 
25 d'(f 2 /f t ) = {{0, + D 2 )/D 1 }d(f 2 /f 1 ) = P (2) 

Accordingly, if the pitch P between tracks is prelimi- 
narily determined, the difference d is given by the fol- 
lowing equation. 

d = {D 1 /(D 1+ D 2 )}(f t /f 2 )P (2') 
30 The level difference d=2 urn for example if P=1 .5 nm, 
^=8 mm,f 2 =3 mm and D t =D 2 =80 urn. The rotation an- 
gle 0 is about 1.4°. Incidentally, d" in Fig. 9 corre- 
sponds to d' in Fig. 7 imaged on the magneto-optical 
disk 11 by the optical system shown in Fig. 8 [i.e., 
35 d^ft/f^d'-P]. 

The following equations give distances L 1f L 2 be- 
tween the light spots in the track direction. 

LtMWDt (3) 
L 2 = (f 2 /f 1 )D 2 (4) 
40 L 1 =L 2 =30 urn for example if D 1 =D 2 =80 urn, ^=8 

mm and f 2 =3 mm. 

Supposing the magneto-optical disk 11 is one 
overwritable by the optical modulation method as 
proposed in Japanese Laid-open Patent Application 
45 No. 63-268103, the lightspots 22 and 24 can write in- 
formation on the respective tracks 26, 27 with light 
pulses of binary Pi and P 2 (Pi>P 2 ) of relatively high 
power in overwriting and under an auxiliary magnetic 
field from a permanent magnet 90 for application of 
so bias magnetic field. Magneto-optical pits are formed 
with perpendicular magnetization, which could be ori- 
ented in two directions opposite to each other in ac- 
cordance with the power (P 1( P 2 ) of the light pulses. 
The light spots 23 and 25 reproduce (directly verify) 
55 the information written by the light spots 22 and 24 
immediately after recording, with a relatively low pow- 
er of constant value P 3 (P 2 >P 3 ). Each of P r P 3 repre- 
sents a quantity of light on the magneto-optical disk 
11. 



6 



BNSDOCID: <EP, _0588575A2_L> 



11 



EP 0 588 575 A2 



12 



Further, the second embodiment of the optical 
recording/reproducing apparatus of the present in- 
vention will be described referring to Fig. 10 and Fig. 
11. ~ 5 

Fig. 10 shows the construction of another semi- 
conductor laser array, which is the light source por- 
tion of the magneto-optical disk apparatus of the 
present invention. A semiconductor laser array chip 7 
has radiative points 1 to 4, which are denoted by the 10 
same numerals as the radiative points having the 
same functions in Fig. 7. The four radiative points are 
formed for example on n-type GaAs substrate 5, sim- 
ilarly as in Fig. 6, and have two different heights, be- 
tween which there is a difference d. The structure of 15 
each semiconductor laser is the same as that in Fig. 
6. The four radiative points 1-4 are arranged for ex- 
ample such that radiative points 1 and 2 are formed 
at a same height on the substrate while radiative 
points 3 and 4 are at another same height on the sub- 20 
strate, as shown in Fig. 10. A distance between the ra- 
diative points 1 and 2 and a distance between the ra- 
diative points 3 and 4 are D 1f and a distance between 
the radiative points 2 and 3 is D 2 . 

The light spots on the magneto-optical disk 1 1 are 25 
next described with Fig. 11, where the semiconductor 
laser array 7 as shown in Fig. 1 0 is set in the magneto- 
optical disk apparatus of Fig. 8. 

The optical system in Fig. 8 forms images of the 
radiative points 1 to 4 as fine light spots 22 to 25 on 30 
arbitrary adjacent tracks 26 and 27. The radiative 
point 1 corresponds to the light spot 22 for overwrite 
on the track 26 in Fig. 10, the radiative point 2 to the 
light spot 23 for direct verification on the track 26, the 
radiative point 3 to the light spot 24 for overwrite on 35 
the track 27, and the radiative point 4 to the light spot 
25 for direct verification on the track27. Numerals 28- 
30 denote guide grooves for tracking, and a pitch be- 
tween tracks is represented by P. The light spots 22, 
23 and the light spots 24, 25 can be positioned on the 40 
adjacent tracks, respectively, for example by making 
the semiconductor laser array 7 in Fig. 8 coincident 
with the track direction 13. The beams emitted from 
the semiconductor laser array 7 are polarized in the 
arrow direction in the plane of Fig. 8, and the direction 45 
of polarization thereof is parallel to the track direction 
13 on the magneto-optical disk 11. 

As described above, the radiative points 1 to 4 of 
semiconductor laser are arranged approximately in 
the track direction such that out of the radiative por- 50 
tions 1, 2 have coordinates different from those of the 
other radiative portions 3, 4 in the direction perpen- 
dicular to the tracks and that light spots correspond- 
ing to the radiative portions 1, 2 and light spots cor- 
responding to the radiative portions 3, 4 are formed 55 
on a first track and on a second track different from 
the first track, respectively, by the optical system for 
focusing the beams from the light source onto the opt- 
ical record medium. 



The two sets of light spots can be positioned on 
the adjacent tracks by setting values for the optical 
system as follows. When the collimator lens has a fo- 
cal length f, and the objective lens a focal length f 2 , 
a lateral magnification of the optical system is f 2 /f,. 
Thus, a radial distance between the light spots is giv- 
en by the following equation. 

d(f 2 /fi) = P (5) 
Accordingly, if the pitch P between tracks is prelimi- 
narily determined, the difference d is obtained as fol- 
lows. 

d = (Vf 2 )P (5') 
The difference d=4 urn for example if P=1 .5 ^m, f,=8 
mm, and f 2 =3 mm. Distances between the spots in 
the track direction are calculated by Equations (3) and 
(4). 1^=60 urn and L 2 =30 urn for example if 0^160 
nm, D 2 =80 urn, f,=8 mm and f 2 =3 mm. 

The light spots 22-25 function on the magneto- 
optical disk 11 in the same manner as in the first em- 
bodiment. 

Further, the third embodiment of the optical re- 
cording/reproducing apparatus of the present inven- 
tion is described referring to Fig. 12 and Fig. 13. 

Fig. 12 shows the construction of another semi- 
conductor laser array, which is the light source por- 
tion in the magneto-optical disk apparatus of the pres- 
ent invention. A semiconductor laser array chip 7 has 
radiative points 1 to 4, which are denoted by the same 
numerals as those having the same functions in Fig. 
7. The four radiative points are formed for example on 
n-type GaAs substrate 5, similarly as in Fig. 6, and 
have two different heights, between which there is a 
difference d. The structure of each semiconductor 
laser chip is the same as that in Fig. 6. The four radi- 
ative points 1 to 4 are arranged for example such that 
radiative points 1 and 2 are formed at a same height 
on the substrate while radiative points 3 and 4 are at 
another same height on the substrate, as shown in 
Fig. 1 2. A distance between the radiative points 1 and 
2 and a distance between the radiative points 3 and 
4 are D 1r and a distance between the radiative points 

2 and 3 is D 2 . 

The light spots on the magneto-optical disk 11 are 
next described with Fig. 13, where the semiconductor 
laser array as shown in Fig. 12 is set in the magneto- 
optical disk apparatus of Fig. 8. 

The optical system of Fig. 8 forms images of the 
radiative points 1-4 as fine light spots 22-25 on arbi- 
trary adjacent tracks 26 and 27. The radiative point 1 
corresponds to the light spot 22 for overwrite on the 
track 26, the radiative point 2 to the light spot 23 for 
direct verification on the track 26, the radiative point 

3 to the light spot 24 for overwrite on the track 27, and 
the radiative point 4 to the light spot 25 for direct ver- 
ification on the track 27. Numerals 28-30 denotes 
guide grooves for tracking, and a pitch between tracks 
is represented by P. The light spots 22, 23 and the 
light spots 24, 25 can be positioned on the adjacent 
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tracks, respectively, for example by making the sem- 
iconductor laser array 7 in Fig. 8 coincident with the 
track direction 13. The beams emitted from the sem- 
iconductor laser array 7 are polarized in the arrow di- 
rection in the plane of Fig. 8, and the direction of po- 
larization thereof is parallel to the track direction 13 
on the magneto-optical disk 11. 

The two sets of light spots can be positioned on 
the adjacent tracks by setting values for the optical 
system as follows. When the collimator lens has a fo- 
cal length and the objective lens a focal length f 2l 
a lateral magnification of the optical system is f 2 /f 1 . 
Thus, a radial distance between the optical spots is 
given by Equation (5). From Equation (5'), the dis- 
tance d=4 urn for example if P=1.5 urn, ^=8 mm, and 
f 2 =3 mm. Distances between the spots in the track di- 
rection can be obtained by Equations (3) and (4). 
L 1 =L 2 =30 urn for example if D 1 =D 2 =80 jam, ^=8 mm 
and f 2 =3 mm. 

The light spots 22-25 function on the magneto- 
optical disk 11 in the same manner as in the first em- 
bodiment. 

Further, the fourth embodiment of the optical re- 
cording/reproducing apparatus of the present inven- 
tion is described below referring to Fig. 14 and Fig. 15. 

Fig. 14 shows the structure of another semicon- 
ductor laser array which is the light source portion in 
the magneto-optical disk apparatus of the present in- 
vention. A semiconductor laser array chip 7 has radi- 
ative points 1 to 4, which are denoted by the same nu- 
merals as those having the same functions in Fig. 7. 
The four radiative points are formed for example on 
n-type GaAs substrate 5, similarly as in Fig. 6, and 
have two different heights, between which there is a 
difference d. The structure of each semiconductor 
laser chip is the same as that in Fig. 6. The four radi- 
ative points 1-4 are arranged for example such that 
radiative points 1 and 3 are formed at a same height 
on the substrate while radiative points 2 and 4 are at 
another same height on the substrate, as shown in 
Fig. 14. Adistance between the radiative points 1 and 
2 and a distance between the radiative points 3 and 
4 are D 1t and a distance between the radiative points 
2 and 3 is D 2 . 

The light spots on the magneto-optical disk 11 are 
described below with Fig. 15, where the semiconduc- 
tor laser array 7 as shown in Fig. 1 4 is set in the mag- 
neto-optical disk apparatus of Fig. 8. The optical sys- 
tem of Fig. 8 forms images of the radiative points 1 to 
4 as fine light spots 22-25 on arbitrary adjacent tracks 
26 and 27. The radiative point 1 corresponds to the 
light spot 22 for overwrite on the track 26 in Fig. 14, 
the radiative point 2 to the light spot 23 for direct ver- 
ification on the track 26, the radiative point 3 to the 
light spot 24 for overwrite on the track 27, and the ra- 
diative point 4 to the light spot 25 for direct verification 
on the track 27. Numerals 28-30 denote guide 
grooves for tracking, and a pitch between tracks is 
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represented by P. The light spots 22, 23 and the light 
spots 24, 25 can be positioned on the adjacent tracks, 
respectively, for example by rotating the semiconduc- 

5 tor laser array 7 shown in Fig. 8 by a slight angle 0 
with respect to the track direction 13. The beams 
emitted from the semiconductor laser 7 are polarized 
in the arrow direction in the plane of Fig. 8. If the po- 
larization beam splitter selected has a property to re- 

10 fleet almost 100 % of s-polarized light, the direction 
of polarization of the beams will be approximately par- 
allel to the track direction 13 on the magneto-optical 
disk 11. 

The two sets of light spots can be positioned on 
15 the adjacent tracks by setting values for the optical 
system as follows. When the collimator lens has a fo- 
cal length f t and the objective lens a focal length f 2 , 
a lateral magnification of optical system is f 2 /f t . Thus, 
a radial distance between the light spots is approxi- 
20 mately given by the following equation. 

tfffaffO = {(D, - D 2 )/D 1 }d(f 2 /f 1 ) = P (6) 
Accordingly, if the pitch P between tracks is prelimi- 
narily determined, the difference d is obtained as fol- 
lows. 

25 d={D 1 /(D 1 .D2)}(f,/f2)P (6') 

The difference d=8 urn for example if P=1.5 jam, ^=8 
mm, f 2 =3mm, D^l 60 u.m and D 2 =80 u.m. The rotation 
angle 6 is about 2.9°. Adistance d" in Fig. 15 corre- 
sponds to the difference d* in Fig. 14 imaged on the 

30 magneto-optical disk 11 through the optical system 
shown in Fig. 8 [i.e., d' -(f^Jd'^P]. The distances be- 
tween the spots in the track direction can be obtained 
by Equations (3) and (4). 1^=60 urn and L 2 =30 u.m for 
example if D^ieo jim, D 2 =80 jam, ^=8 mm and f 2 =3 

35 mm. 

The light spots 22-25 function on the magneto- 
optical disk 11 in the same manner as in the first em- 
bodiment. 

Further, the fifth embodiment of the optical re- 

40 cording/reproducing apparatus of the present inven- 
tion is next described referring to Fig. 16. 

Fig. 16 shows the structure of another semicon- 
ductor laser array which is the light source portion in 
the magneto-optical disk of the present invention. A 

45 semiconductor laser array chip 7 has four radiative 
points 1 to 4 for example. The four radiative points are 
formed for example on a common n-type GaAs sub- 
strate 5, similarly as in Fig. 6, and the substrate has 
three different heights. The four radiative points 1-4 

50 are so arranged for example such that radiative 
points 2 and 3 are formed at a same height on the 
substrate and that a relative level difference is d be- 
tween the radiative points 1 and 2 or between the ra- 
diative points 3 and 4. 

55 The optical system shown in Fig. 8 forms images 

of four fine light spots 22-25 on arbitrary adjacent 
tracks 26, 27. In case that the radiative points 1 and 
3 correspond to light spots for overwrite and the ra- 
diative points 2 and 4 to light spots for direct verif ica- 
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tion, the laser array can be used in the same manner 
as in the embodiment shown in Fig. 7. If the radiative 
points 1 and 2 correspond to light spots for overwrite 
and the radiative points 3 and 4 to light spots for direct 5 
verification, the laser array can be used in the same 
manneras in the embodiment shown in Fig. 14. These 
arrangements of light source are properly selective 
depending upon the properties such as the used opt- 
ical system (e.g., the focal length of the collimator w 
lens or the focal length of objective lens), the track 
pitch of magneto-optical disk, and the distance nec- 
essary on the magneto-optical disk between the 
overwrite light spots and the direct verification light 
spots. 15 

Also, the relative level differences between the 
radiative points may be made unequal to each other, 
or the radiative points may be arranged at mutually 
different heights on the substrate. Although the light 
spots are located on the adjacent tracks on the mag- 20 
neto-optical disk in the above embodiment, the light 
spots may be positioned on a track and on another 
track next to the adjacent track immediately thereto, 
or another arrangement may be considered. Al- 
though the semiconductor laser array 7 including the 25 
radiative points of the present invention is produced 
on a common substrate, radiative points produced on 
different substrates may be combined in position. The 
present invention can be also applied to semiconduc- 
• tor laser arrays having more than four radiative 30 
points. 

Next described with Fig. 8 is a detection method 
of RF signal (magneto-optical signal) and servo sig- 
nals for AT and AF controls, suitable for the magneto- 
optical disk apparatus of the present invention. Re- 35 
fleeted light from the four light spots 22-25, which are 
formed on the magnetic layer 12 of the magneto-opt- 
ical disk 11, is collimated through the objective lens 
11. Beams reflected by the polarization beam splitter 
9 are guided to the RF signal and servo signal detec- 40 
tion system. If the polarization beam splitter 9 has 
such a polarization characteristic that p-polarized 
light reflectivity R p =10-30 % and s- polarized light re- 
flectivity R s =100 %, the Kerr rotation angle is ampli- 
fied so as to permit detection excellent in S/N ratio. 45 
The beams pass through the half-wave plate 14 with 
the optical axis thereof being rotated by 22.5° to the 
p-polarization component so that the beams are ro- 
tated by 45°. After the rotation, the beams are guided 
to pass through the condenser lens 1 5, the cylindrical so 
lens 16, and the polarization beam splitter 17, where- 
by each beam is split into two beams and the split 
beams are guided to respectively corresponding pho- 
todetectors 18, 19. The cylindrical lens 16 is inserted 
for autofocus (AF) in the astigmatic method such that 55 
the generatrix thereof is rotated by 45° with respect 
to the track direction. 

Next described with Fig. 17 is the detection meth- 
od of RF signal and servo signal using the photode- 



tectors 18, 19 with the light source of the embodiment 
in Fig. 7. 

The photodetector 1 8 includes four light receiving 
regions 31-34, and the light receiving region 31 is sec- 
tioned into four segments 31-1 to 31-4. Imaged on the 
light receiving regions are light spots 35-38 respec- 
tively corresponding to the light spots 22-25 on the 
magneto optical disk 1 1 . If the condenser lens 1 5 has 
a focal length f 3 of 30 mm, intervals between the light 
spots are about 300 u.m. Similarly, the photodetector 
1 9 has four light receiving regions 39-42, and the light 
receiving region 39 is a quarter-sectioned sensor, im- 
aged on the light receiving regions are light spots 43- 
46 respectively corresponding to the light spots 22- 
25. The light spots on the photodetectors as shown 
are those close to the least circle of confusion of the 
cylindrical lens 16, which are correctly AF-controlled. 

In the embodiment in Fig. 1 7 the servo signal de- 
tection is performed with the light spot 22 on the mag- 
neto-optical disk 11 , that is, with the light spots 35 and 
43 on the photodetectors. Afocus error signal (AF sig- 
nal) is a difference signal between two diagonal sums 
from a quarter-sectioned sensor. An AF signal AF 1 
from quarter-sectioned sensor 31 may be expressed 
by the following equation using annex numerals to the 
sensor segments. 

AF 1 = (1+3)-(2 + 4) (7) 
Also, if an AF signal AF 2 is obtained using an output 
from sensor 39, the signal may be expressed by the 
following equation using annex numerals to the sen- 
sor segments (each annex numeral is given " ' " for 
discrimination from above Equation (7)). 

AF 2 = (1' + 3')-(2' + 4') (8) 
An AF signal AF may be produced as follows using the 
two outputs in Equations (7) and (8). 

AF = AFi + AF 2 (9) 
Using the AF signal obtained by Equation (9) can ef- 
fectively prevent focus offset caused by the birefrin- 
gence in the magneto-optical disk 11. 

The autotracking (AT) signal is a difference signal 
from the sensor divided by a dividing line extending 
in parallel with the direction corresponding to the 
track direction (push-pull method). An AT signal Al, 
from the quarter-sectioned sensor 31 may be ex- 
pressed by the following equation using annex nu- 
merals to the sensor segments. 

AT, =(2 + 3) -(1 +4) (10) 
Similarly as in the cases for AF signal, the output from 
the sensor 39 may be used as AT signal or the two 
sensor outputs from the sensors 31 and 39 may be 
used therefor. Japanese Patent Application No. 3- 
325106 describes in detail the method for stable 
tracking servo on a plurality of light spots using an AT 
signal from a single light spot. 

The following two methods are considered for de- 
tection of RF signal. 

First in overwrite, while information writing is car- 
ried out using the light spots 22 and 24 on the mag- 
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neto-optical disk 11, the information immediately af- 
ter recorded is reproduced using the light spots 23 
and 25 (corresponding to light spots 36, 44 and 38, 46 
on the photodetectors). In this case, information from 5 
light spot 23 and information from light spot 25 are ob- 
tained as magneto-optical signals 52 and 54, respec- 
tively, after differential amplification by differential 
amplifier 48 between outputs of photodetectors 32 
and 40 and after differential amplification by differen- 10 
tial amplifier 50 between the outputs of photodetec- 
tors 34 and 42. In ordinary reproduction, the light 
spots 23 and 25 are used for reproduction under ser- 
vo with light spot 22 on the magneto-optical disk. The 
light spot 24 may be turned off during the reproduc- 15 
tion. As so arranged, the light spots 22, 24 can be 
used only for overwrite (though the light spot 22 is 
also used for servo signal detection), and therefore 
the laser noise reducing means (such as high- 
frequency overlay circuit) is required only by the light 20 
spots 23 and 25. Also, since the servo and the RF are 
independent of each other, there is no need to obtain 
a weak magneto-optical signal from sectioned sensor 
such as the sensors 31 and 39, which is advanta- 
geous in respect of thermal noise of pre-amp. (The 25 
thermal noise would be doubled if a separate pre- 
amp was provided for quarter-sectioned sensor to de- 
tect a magneto-optical disk therethrough.) Preliminar- 
ily formatted information such as address information 
on the information tracks of magneto-optical disk 11 30 
may be read using the light spots 22, 24 independent- 
ly of the magneto-optical signal. 

In another detection method, the overwrite is 
carried out in the same manner as above, and in or- 
dinary reproduction the reproduction of magneto-opt- 35 
ical signal may be carried out simultaneously with the 
servo using light spot 22. Either one of the light spots 
24, 25 on the track 27 can be used for reproduction. 
In this example, the information from light spot 22 is 
obtained as a magneto-optical signal 51 after differ- 40 
ential amplification by a differential amplifier 47 be- 
tween a sum signal output from the quarter-sectioned 
sensor of photodetector 31 and a sum signal output 
from the quarter-sectioned sensor of photodetector 
39, while information from the light spot 24 (25) is ob- 45 
tained as a magneto-optical signal 53 (54) after differ- 
ential amplification by a differential amplifier 49 (50) 
between outputs from the photodetectors 33 and 41 
(34 and 42). This method is disadvantageous in re- 
spect of necessity of extra noise reducing means or so 
in respect of thermal noise, but advantageous in re- 
spect of less influence of focus error or tracking error 
caused in information-reproducing light spot. In par- 
ticular, this method is effective if an amount of reading 
information is small enough to necessitate no parallel 55 
reproduction (e.g., if only the light spot 22 is used for 
reproduction). 

Either one of the two detection methods as de- 
scribed may be arbitrarily used, or the both methods 



can be employed for selective use with necessity. If 
an amount of writing information is small, only a set 
(e.g., light spots 22, 23) may be used out of the two 
sets. 

Fig. 18 shows another embodiment Portions 
with the same functions are denoted by the same nu- 
merals as those in Fig. 17. In the embodiment in Fig. 
18 the servo signal detection is performed using the 
light spot 23 on the magneto-optical disk 11, that is, 
the light spots 36 and 44 on the photodetectors. AF 
and AT signals may be detected in the same manner 
as in Fig. 1 7. There are two methods as described be- 
low for detection of RF signal. In overwrite, the func- 
tion of light spots on the magneto-optical disk 11 and 
the information reproduction method are the same as 
those in the embodiment of Fig. 17. However, the ser- 
vo signal detection is carried out using the light spot 
23 for direct verification. In ordinary reproduction, in- 
formation is reproduced using the light spots 23 and 
25 under the servo using the light spot 23. The light 
spots 22 and 24 may be turned off during the repro- 
duction, or they may be used for reading pre-format- 
ted address information. As so arranged, the light 
spots 23 and 25 are continuously driven always at a 
constant low power P 3 as described above, and then 
no change is necessary for gain of servo system even 
in change of operation between overwrite and ordi- 
nary reproduction, whereby the arrangement may be 
made simpler. Also, only the light spots 23 and 25 
need the noise reducing means. However, this meth- 
od is disadvantageous in respect of thermal noise of 
pre-amp, because the light spots are used in common 
for servo signal detection and for RF signal detection, 
as discussed above. In another detection method, 
the overwrite is carried out in the same manner as 
above, but in ordinary reproduction the magneto-opt- 
ical signal is reproduced using the light spot 22 under 
servo with the light spot 23. Either one of the light 
spots 24, 25 on the track 27 may be used for repro- 
duction. This arrangement is advantageous in re- 
spect of thermal noise of pre-amp, as discussed 
above. 

Fig. 19 shows still another embodiment. Portions 
with the same functions are denoted by the same nu- 
merals as those in Fig. 17. In Fig. 19, the functions of 
AF and AT are separated from each other and an AT 
signal is obtained from the light spots 22, 24 on the 
two tracks 26, 27. An AF signal may be obtained from 
the light spot 23 on the magneto-optical disk 11 in the 
same manner as in the embodiment of Fig. 18. Pho- 
todetectors 32 and 40 are formed as quarter-sec- 
tioned sensor. If only an AF signal is obtained from the 
photodetectors, a pre-amp may be assigned to a sig- 
nal of diagonal sum. Then, the thermal noise of pre- 
amp becomes V2 times of that in case of no division, 
which is advantageous as compared with the embodi- 
ments in Fig. 17 and in Fig. 18. 

An AT signal AT, may be expressed by the follow- 
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ing equation using annex numerals to the sensor seg- 
ments in half-sectioned sensor 31 of the photodetec- 
tor 18. 

AT, = 1-2 (11) 5 
Also, an AT signal AT 2 may be similarly expressed by 
the following equation in half-sectioned sensor 33 (in 
which annex numerals are given " ' " for discrimina- 
tion from above Equation (11)). 

AT 2 = 1'-2' (12) w 
An AT signal AT may be produced as follows using the 
both outputs in Equations (11) and (12). 

AT = ATt+AT 2 (13) 
In the arrangement using equation (13), an average 
of track deviations of the light spots 22 and 24 on the 1 5 
magneto-optical disk 11 can be used as an error sig- 
nal, which enables high-precision AT servo. Also, us- 
ing the both outputs from the half-sectioned sensors 
39, 41 on the photodetector 1 9 can effectively prevent 
tracking offset caused by birefringence in the magne- 20 
to-optical disk 11. Although the overwrite light spot is 
assigned to the AT signal detection and the direct ver- 
ification light spot to the AF signal detection in Fig. 19, 
they may be interchanged with each other. 

Next described with Fig. 20 is an optical system 25 
suitable for the magneto-optical disk apparatus of the 
present invention. Portions with the same functions 
are denoted by the same numerals as those in Fig. 8. 
In Fig. 20, a polarization beam splitter 55 having a 
beam shaping function is used in place of the polari- 30 
zation beam splitter 9 in Fig. 8. The beam shaping is 
effected in the direction in which the radiation angle 
of semiconductor laser array 7 is smaller, that is, in 
the track direction 13 in Fig. 20. 

In this case, a distance between the light spots 35 
in the track direction is an inverse of beam shaping ra- 
tio. Equations (3) and (4) will be modified as follows 
if the semiconductor laser array in the embodiment of 
Fig. 7 is used as light source and if the beam shaping 
ratio is a. 40 
W = (fa/aW (3') 
L 2 * = (f 2 /af 2 )D 2 (4') 
L 1 '=L 2 , =1 5 \im for example if Di=D 2 =80 |im, f,=8 mm, 
f 2 =3 mm and a=2. Accordingly, the embodiment of 
Fig. 8 required a field angle of approximately 1° for ob- 45 
jective lens 10, while the embodiment of Fig. 20 does 
a field angle of 30' or less. Therefore, the embodi- 
ment of Fig. 20 is very advantageous in respect of im- 
aging quality of light spots. However, the distances 
between the four light spots on the photodetectors 50 
18, 19 are about 150 u.m, which is a half of those in 
the embodiment of Fig. 8. Thus, the separation of 
beams will be somewhat difficult. 

Further described with Fig. 21 and Fig. 22 is an 
optical system suitable for the magneto-optical disk of 55 
the present invention. Portions with the same func- 
tions are denoted by the same numerals as those in 
Fig. 20. In Fig. 21, a Wollaston prism 56 is used in 
place of the polarization beam splitter 17 in Fig. 20. A 
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side view of the optical system is shown on the right 
side in Fig. 21 . The Wollaston prism separates a beam 
into two perpendicular polarization components. An 
angle of separation is about 1°. Thus, if the direction 
for beam separation was not selected in the direction 
perpendicular to the track direction 13 as shown in 
Fig. 21, the light spots 35-38 would overlap with the 
light spots 43-46 on the photodetector 57. Fig. 22 
shows the detailed arrangement of the photodetector 
57. Since the photodetector portions 31 -34 and 39-49 
can be formed on a common substrate, positioning is 
easy between the light spots and the sensors. The 
detection methods of RF signal and servo signal in 
Fig. 22 are the same as those in the embodiment of 
Fig. 17. 

Further described with Fig. 23 to Fig. 26 is an opt- 
ical system suitable for the magneto-optical disk ap- 
paratus of the present invention. Portions with the 
same functions are denoted by the same numerals as 
those in Fig. 21. In Fig. 23, a micro polarization beam 
splitter 58 is used in place of the polarization beam 
splitter 17. The micro polarization beam splitter 58 has 
the same polarization property as the polarization 
beam splitter 17, but guides two beams of perpendic- 
ular polarization components onto a photodetector 59 
in parallel with each other. Although the polarization 
beam splitter 58 in Fig. 23 splits beams into light spots 
35-38 and light spots 43-46 as shown in Fig. 24 in the 
direction of arrows 91, the beams may be split in the 
direction perpendicular to the arrows 91. Also, omit- 
ting the half- wave plate 14, the micro polarization 
beam splitter 58 may be rotated by 45° about the opt- 
ica! axis thereof. In Fig. 24, photodetectors 31-34 and 
39-42 may be formed on a common substrate to form 
a photodetector 59, similarly as in Fig. 22. The pho- 
todetector 59 is positioned before the focal point of 
condenser lens 15 for beams transmitted by the micro 
polarization beam splitter 58 and after the focal point 
of condenser lens 1 5 for beams reflected by the micro 
polarization beam splitter 58, while keeping an equal 
distance to the both focal points. 

The detection method of servo signal is briefly 
described referring to Fig. 25. Fig. 25 shows the pho- 
todetectors 31-34 and 39-42 on the photodetector 59 
in (a) and (b), respectively. Fig. 25 shows an example 
of light spot shape seen when the magneto-optical 
disk 11 is located closer to the objective lens 10. 

The detection of AF signal is carried out by the 
beam size method, for example using a difference 
signal from a six-sectioned sensor between inner 
sensor segments and outer sensor segments. An AF 
signal AF, in sensor 31 may be expressed by the fol- 
lowing equation using annex numerals to the sensor 
segments. 

AF, = (2 + 5) - (1 + 3 + 4 + 6) (14) 
Also, in case that an AF signal AF 2 is obtained using 
outputs from sensor 39, the signal may be expressed 
by the following equation using annex numerals to the 
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sensor segments (in which the annex numerals are 
given " ' " for discrimination from above Equation 
(14)). 

AF 2 = (2* + 5 1 ) - (1* + 3' + 4' + 6') (15) 
The light spots 35-38 and the light spots 43-46 are lo- 
cated on either side of focal point position of the con- 
denser lens 15, and therefore an AF signal AF may be 
produced using a differential output between the two 
signals obtained by Equations (14) and (15). 

AF = AF 1 - AF 2 (16) 
Using the signal from Equation (16) can effectively 
prevent leakage of AT signal due to the guide grooves 
for tracking on magneto-optical disk. 

An AT signal may be a difference signal between 
sensor segments divided by a dividing line extending 
in the track direction (the push-pull method). An AT 
signal AT! in sensor 31 may be expressed by the fol- 
lowing equation using the annex numerals to the sen- 
sor segments. 

AT, = (1 + 2 + 3) - (4 + 5 + 6) (17) 
Also, in case that an AT signal AT 2 is obtained using 
outputs from the sensor 39, the signal may be ex- 
pressed by the following equation using the annex 
numerals to the sensor segments (in which the annex 
numerals are given " ' "for discrimination from above 
Equation (17)). 

AT 2 = (V + 2' + 3') - (4' + 5' + 6') (18) 
An AT signal AT may be produced using a differential 
output between the two signals obtained by Equa- 
tions (17) and (18), similarly as the AF signal. 

AT = AT 1 -AT 2 (19) 
Using the signal from Equation (19) can suppress the 
AT offset even if the beams entering the micro polar- 
izing prism 58 are slightly shifted in the tracking direc- 
tion. 

The detection method of RF signal is the same as 
in the embodiment of Fig. 17. 

Fig. 26 shows another embodiment different from 
that in Fig. 25. This embodiment is an example in 
which the AF and AT functions are separate as in Fig. 
19 and in which an AT signal is obtained from light 
spots 22, 24 on two tracks 26, 27. Since the number 
of segments per photodetector is decreased, the pre- 
amp noise is reduced. This adds an advantage of ena- 
bling high-precision AT to the embodiment in Fig. 25. 

Next described with Fig. 27 is a light quantity con- 
trol method (APC) of a semiconductor laser array 7 
suitable as light source in the magneto-optical disk 
apparatus of the present invention. Fig. 27 is an ex- 
planatory drawing to show the detailed structure of 
APC photodetector 21 with light quantity control cir- 
cuit in the optical system of Fig. 8. 

In the optical system of Fig. 8, beams emitted 
from the semiconductor laser array 7 are partially re- 
flected by the polarization beam splitter 9 to be fo- 
cused on the photodetector 21 by APC condenser 
lens 20. In Fig. 27, beams from the radiative points 1- 
4 correspond to light spots 64-67 on the photodetec- 



tor 21. 

The photodetector 21 is composed of four sepa- 
rate sensors 60-63, onto which the light spots 64-67 

5 respectively impinge. The size of sensors, the diam- 
eter of light spots, and the focal length of condenser 
lens are so selected as to avoid the interference in 
light quantity control loop of each light spot. Numerals 
68-71 denote amplifiers for outputs of respective sen- 

10 sors, 72-75 comparators for setting target values of 
light quantity for the respective radiative points 1-4, 
and 76-79 drivers for driving the respective radiative 
points 1 -4. Each laser driver drives a laser to equalize 
an output of each sensor to the set value of compar- 

75 ator. 

The restriction of the above optical system forces 
the light spots 64-67 to be focused in near in-focus 
state on the photodetector 21. Inclining the photode- 
tector 21 by a certain amount may prevent reflected 
20 light going from the sensor surface back to the laser, 
from fluctuating the light quantity (from causing nois- 
es). 

Fig. 28 shows an example of semiconductor laser 
array of inner stripe type produced by the liquid phase 

25 epitaxy (LPE) according to the present invention. The 
present embodiment is arranged to prevent relative 
defocus between laser beams focused on a track 
through a common optical system. In Fig. 28, the 
same numerals denote the same elements as those 

30 in the conventional example. 

Next described is the process for forming the 
semiconductor laser array of the present invention. 
First crystal growth is done to form a block layer 102 
on a flat substrate 101. The block layer 102 is then 

35 etched to form grooves for inner stripes at intervals of 
about 1 00 ^m in different stripe widths (W1 <W2) and 
in groove depth reaching the substrate 101. Second 
crystal growth is next done to form layers 103-106. 
Since the first clad layer 103 preferentially fills up the 

40 etched grooves, which is the feature of liquid phase 
epitaxy, the surface thereof is substantially flat over 
the grooves. Accordingly, crystal grows to form layers 
substantially parallel to the substrate 101 after the 
fourth layer, i.e., an active layer 104, a second clad 

45 layer 105 and a cap layer 106. The first and second 
clad layers 103, 105 and the active layer 104 there- 
between constitute a double heterojunction to be a 
laser waveguide. Then, etching is effected over the 
cap layer to form a separation groove 111 reaching 

so the substrate 101 at the middle position between the 
radiative portions, whereby the integrated laser wa- 
veguides are electrically separated. A cathode elec- 
trode 108 is formed on each of the n-type cap layers 
1 06 separated by the separation groove 111 , while an 

55 anode electrode 1 07 is formed on the bottom surface 
of p-type substrate 101. 

When a voltage is applied between the electro- 
des, a current flowing between the electrodes is con- 
stricted by the block layer 102, whereby the current 

12 
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is efficiently injected into the limited region of active 
layer over grooves to oscillate laser. A radiative por- 
tion is located on the active layer 104 and over a 
groove formed by etching the block layer 102. Numer- 5 
al 109 designates a radiative portion corresponding 
to W1 and 110 a radiative portion corresponding to 
W2. Since the cathode electrodes 1 08 on the cap lay- 
er 106 are separated by the separation groove 111, an 
arbitrary laser may be independently driven by turn- 10 
ing on and off a corresponding cathode electrode. 

The laser characteristic can be controlled by 
changing the stripe width as in the present invention. 
Namely, as the stripe width is widened (W2), the ac- 
tive layer region into which the current is injected is 15 
also broadened. This enlarges the emission area so 
as to decrease the light density, whereby a high pow- 
er output can be provided. As the stripe width is wid- 
ened, the region tends to be close to a region of a gain 
waveguide type, which increases the astigmatic dif- 20 
ference. However, the astigmatic difference tends to 
decrease with increase of output light power, and 
therefore a wide stripe is suitable for use in recording 
in range of high output power. In contrast as the stripe 
width is made narrower (W1), the active layer region 25 
is also narrowed to increase the light density, which 
makes the high power operation difficult. However, 
the astigmatic difference will be small in range of low 
power, providing the characteristic suitable as repro- 
duction light source. 30 

Now described with Fig. 29 are oscillation wave- 
lengths of a semiconductor laser array constructed 
according to the present invention. Fig. 29 shows the 
relation between light output power and current of the 
laser. As the stripe width becomes wider (W2), the 35 
threshold current Ith2 increases and the emission ef- 
ficiency has a tendency to increase. In contrast, as 
the stripe width is made narrower (W1), the threshold 
current It hi decreases and the emission efficiency 
has a tendency to decrease. Since the oscillation wa- 40 
velength of laser is shifted to the longer wavelength 
side by a temperature rise in the active layer, it may 
be considered as approximately proportional to the 
operation current. In case that a laser with wider 
stripe width is operated at high power (P1 ) and that a 45 
laser with narrower stripe width at low power (P2), the 
difference in operation current between the two las- 
ers can be made smaller as compared with lasers 
having a same stripe width. It is ideally possible to de- 
sign the lasers operated at a same operation current 50 
(lop) as shown in Fig. 29. 

As described above, the semiconductor laser ar- 
ray of inner stripe type is so arranged that different 
stripe widths are employed, one of which provides a 
beam only for recording and another of which pro- 55 
vides a beam only for reproduction, so as to decrease 
the difference in astigmatic difference and the wave- 
length difference between the beams, whereby a 
light source for optical information record and repro- 

13 



duction may be provided with little relative defocus af- 
ter the beams passed through a common optical sys- 
tem. 

Next described is an example in which the semi- 
conductor laser array of the present invention in Fig. 
28 is employed as light source in optical information 
recording/reproducing apparatus. The optical system 
is the same as in the conventional example in Fig. 1, 
and therefore is omitted to explain herein. Fig. 31 
shows the positional relation between tracks and 
beams on record medium. A recording beam with wid- 
er stripe width and a reproducing beam with narrower 
stripe width are aligned on a same track such that the 
reproducing beam can verify recorded information 
immediately after the recording beam recorded the 
information. The two beams are guided through the 
common optical system to the record medium, as 
shown in Fig. 1. Since the beam wavelength differ- 
ence is small and the difference of astigmatic differ- 
ence is also small between two outputs, the relative 
defocus may be minimized between the beams. In 
other words, this arrangement lowers neither the re- 
cording performance nor the reproducing perfor- 
mance. 

The difference of stripe width can be evaluated 
as beam size ell of full- width at half maximum 
(FWHM) of far field pattern in the direction parallel to 
the junction plane in semiconductor laser. Since the 
stripe width is about 3 urn to 6 u,m at most, the beam 
size increases by diffraction as the stripe width be- 
comes narrower. 

Fig. 30 shows an empirically obtained relation be- 
tween 9 1 I and the astigmatic difference in reproduc- 
tion power. If the light power of high-output laser is 
more than 20 mW to 30 mW necessary for recording, 
the astigmatic difference thereof is lower by about 4- 
5 urn than that caused in low power of about 3 mW. 
Considering the permissible value of astigmatic dif- 
ference as within 10 urn, d| I of high-output laser is 
desirably 7 degrees to 9 degrees from Fig. 30. On the 
other hand, 9 1 I is desirably 10 degrees or more in re- 
production, because the astigmatic difference is ex- 
pected to be as small as possible. 

If the semiconductor laser array is so arranged 
as to comprise a reproduction low power laser with 
9| I (beam size of FWHM of far field pattern in the di- 
rection parallel to the junction plane) of 10 degrees or 
more and a record high power laser with 9 1 I of 7 de- 
grees to 9 degrees, as described above, the array can 
give full play to its feature as light source for optical 
information record and reproduction. 

Fig. 32 shows an embodiment of semiconductor 
laser array with four beams according to the present 
invention. In Fig. 32, the same numerals denote the 
same elements as those in Fig. 28. 

Four lasers integrated in a monolithic manner on 
a common substrate are two recording lasers with 
wider stripe width and two reproducing lasers with 
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narrower stripe width, alternately arranged from the 
left to form two pairs thereof. The two pairs are ar- 
ranged such that a distance between two radiative 
points in each pair is equal to L1 . A distance between 
the recording lasers is L2. The height of radiative 
points is determined such that there is a height differ- 
ence h between the recording radiative points 110 
and the reproducing radiative points 109. Fig. 33 
shows the relation between tracks of record medium 
and beams in case that the semiconductor laser array 
so arranged is employed in the optical information re- 
cording/reproducing apparatus shown in Fig. 8. A pair 
of recording beam and reproducing beam can be lo- 
cated on a same track by rotating the junction plane 
of lasers by 8=tan~ 1 (h/L1) about the optical axis. An- 
other pair of recording beam and reproducing beam 
can also be located on an adjacent track at the same 
time. If a lateral magnification of optical system of 
from the light source to tracks is p and if a distance 
between tracks is d, L2 may be determined to satisfy 
the relation of d=p L2 tanG. Such an arrangement of 
four beams permits verification immediately after re- 
cording on two tracks in parallel, whereby the high- 
speed transfer rate can be further enhanced. Further 
increase of transfer rate is similarly possible by in- 
creasing the number of beams, i.e., by forming two 
pairs, three pairs, or more, each pair of which is com- 
prised of the stepped lasers for recording beam and 
for reproducing beam. 

Fig. 34 is a constitutional drawing to show an em- 
bodiment of semiconductor laser array of the present 
invention. In Fig. 34, the same numerals denote the 
same elements as those in the conventional example. 

Next described is the process for forming the 
semiconductor laser array of the present invention. 
First crystal growth is done to form a block layer 102 
on a flat substrate 101. The block layer 102 is then 
etched to form grooves for inner stripes at intervals of 
about 100 um in stripe width (W2) so that one of 
stripes has a region interrupted in resonator. Fig. 34, 
partly drawn up, shows the condition that the groove 
of left laser is interrupted in resonator and that the ac- 
tive layer 104 is electrically intercepted from the sub- 
strate 101 by the block layer 102. Second crystal 
growth is then done to form layers 103 to 106. Since 
the first clad layer 103 preferentially fills up the etch- 
ed grooves, which is the feature of liquid phase epi- 
taxy, the surface thereof is substantially flat over the 
grooves. Accordingly, crystal grows to form layers 
substantially parallel to the substrate 101 after the 
fourth layer, i.e., the active layer 1 04, the second clad 
layer 1 05, and the cap layer 1 06. The first and second 
clad layers and the active layer therebetween consti- 
tute a double heterojunction to be a laser waveguide. 
Then, etching is effected over the cap layer to form a 
separation groove 111 reaching the substrate 101 at 
the middle position between the radiative points, 
which electrically separates the integrated laser wa- 



veguides. A cathode electrode 108 is formed on each 
of the n-type cap layers 106 separated by the sepa- 
ration groove 111, while an anode electrode 107 is 
5 formed on the bottom surface of p-type substrate. 

When a voltage is applied between the electro- 
des, the current flowing between the electrodes is 
constricted by the block layer 102, whereby the cur- 
rent is effectively injected into the limited region of ae- 
ro tive layer on grooves to oscillate laser. However, the 
active layer region having the interrupted groove in 
resonator is a light absorbing region (saturable ab- 
sorption region), which requires more current for laser 
oscillation. Namely, a threshold current becomes 
15 larger there. The radiative portion is located on the 
active layer 104 while the block layer 102 over the 
etched grooves. Numeral 109 represents a radiative 
portion having a light absorbing region inside resona- 
tor and 110 a radiative portion having no light absorb- 
20 ing region inside resonator. Since the cathode elec- 
trodes on the cap layer 106 are separate from each 
other by the separation groove 111, an arbitrary laser 
can be independently driven by turning on and off a 
corresponding cathode electrode. 
25 The laser characteristic can be controlled by pro- 

viding a light absorbing region inside resonator as de- 
scribed above. Fig. 35 shows the relation between 
light output power and operation current in the semi- 
conductor laser array of the present invention. If the 
30 stripe groove is interrupted inside laser resonator, the 
active layer in that region serves as a light absorbing 
region to increase the threshold current (Ith2). Ac- 
cordingly, the. operation current becomes greater as 
compared with the laser with continuous groove (ra- 
35 diative portion 110), which is the right laser in Fig. 34. 
This results in the left laser requiring an almost same 
operation current (lop) in low power operation as that 
in high power operation of the right laser. 

Since the oscillation wavelength of laser is shift- 
40 ed to the longer wavelength side with temperature 
rise of active layer, it is considered that the oscillation 
wavelengths are almost equal to each other with the 
same operation current. If P1 is a recording power 
and P2 a reproducing power in Fig. 35, the wave- 
45 length difference between the two lasers can be 
made smaller. 

As described above, the semiconductor laser ar- 
ray of inner stripe type is so arranged that a laser with 
interrupted stripe groove inside resonator is operated 
so only for reproduction and that a laser with uninter- 
rupted stripe groove is for recording as the wave- 
length difference is kept small, whereby the light 
source for optical information record and reproduction 
may be provided with little relative defocus after the 
55 beams passed through a common optical system. 

Incidentally, a laser having a light absorbing re- 
gion in waveguide shows a multi-mode spectrum by 
so-called self-oscillation. Thus, the coherence of las- 
er is lowered, which is advantageous in that t he return 
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light induced noise is hardly produced. This allows 
one to expect an advantage that the external addi- 
tional circuit such as the high-frequency overlay cir- 
cuit can be obviated. 5 

Although the light absorbing region is formed by 
interrupting the stripe groove in resonator in the 
above embodiment, any saturable absorption region 
in waveguide can present the same effect. For exam- 
ple, a cathode electrode can be divided in the direc- 10 
tion of resonator to stop the current flow into a portion 
of the active layer, which provides the same result. 
Also, a small light absorbing region can be formed 
over the entire region of waveguide, providing the 
same result 15 

Described below is an example in which the sem- 
iconductor laser array of the present invention in Fig. 
34 is employed as light source in optical information 
recording/reproducing apparatus. The optical system 
is the same as that in the conventional example in 20 
Fig. 1, and is therefore omitted to explain herein. The 
positional relation between a track of record medium 
and two beams is the same as shown in Fig. 31. A 
beam from the recording laser with continuous stripe 
groove and a beam from the reproducing laser with in- 25 
terrupted stripe groove are aligned on a same track, 
so that the reproducing beam can verify recorded in- 
formation immediately after the recording beam re- 
t corded information. The two beams are guided 
through the common optical system to the record me- 30 
dium, as shown in Fig. 1. Since the wavelength dif- 
ference is small between the beams output from the 
lasers, the relative defocus can be minimized be- 
tween the beams. In other words, the arrangement 
lowers neither the recording performance nor the re- 35 
producing performance. 

Fig. 36 shows an embodiment of semiconductor 
laser array with four beams according to the present 
invention. In Fig. 36, the same numerals denote the 
same elements as those in Fig. 34. 40 

Four lasers integrated in a monolithic manner on 
a common substrate are two reproducing lasers with 
interrupted stripe groove and two recording lasers 
with continuous stripe groove, arranged alternately 
from the left to form two pairs thereof. The two pairs 45 
are arranged such that a distance between radiative 
points in each pair is equal to L1. A distance between 
reproducing or recording lasers is L2. Further, the 
heights of radiative points are determined such that 
there is a height difference h between the recording so 
lasers 110 and the reproducing lasers 109. 

If such a semiconductor laser array is employed 
as light source in the optical information recording/re- 
producing apparatus shown in Fig. 8, the relation be- 
tween tracks of record medium and beams is the 55 
same as that in Fig. 33. A pair of recording beam and 
reproducing beam can be aligned on a same track by 
rotating the junction plane of laser by 0=tan- 1 (h/L1) 
about the optical axis. Another pair of recording beam 

15 



and reproducing beam can be also aligned on an ad- 
jacent track at the same time. If a lateral magnification 
of the optical system of from the light source to tracks 
is p and if a distance between tracks is d, then the re- 
lation of d=p-L2 tan0 is satisfied. Such an arrange- 
ment of four beams enables the verification imme- 
diately after recording in parallel on two tracks, which 
further increases the high-speed transfer rate. Fur- 
ther increase of transfer rate is similarly possible by 
increasing the number of beams, i.e., by forming two 
pairs, three pairs, or more, each of which is composed 
of the stepped lasers for recording beam and for re- 
producing beam. 

Fig. 37 is a constitutional drawing to show an em- 
bodiment of semiconductor laser array of the present 
invention. In Fig. 37, the same numerals denote the 
same elements as those in the conventional exam- 
ple. 

Next described with Figs. 38A-38F is a process 
for producing a monolithic integrated semiconductor 
laser array of the present invention. First, alternate 
steps are produced in difference of several urn to sev- 
eral ten nm on a substrate 101 as shown (Fig. 38A). 
First crystal growth is then done to form a block layer 
102 in uniform thickness on the stepped substrate 
101. The surface of block layer 102 also has steps 
similar to the stepped configuration of substrate 101 
(Fig. 38B). Then, etching is effected in stripe pattern 
on the block layer 102 to form grooves for inner 
stripes reaching the substrate 101 at intervals of 
about 100 urn. Since the thickness of block layer 102 
is even, all stripes are etched in substantially same 
depth reaching the substrate in spite of existence of 
steps if the stripe width is the same (Fig. 38C). Then, 
second crystal growth is done to form layers 1 03-1 06. 
Since the first clad layer 103 preferentially fills up the 
etched grooves, which is the feature of liquid phase 
epitaxy, the surface thereof is substantially flat over 
the grooves. The flat portion of the first clad layer 103 
over the grooves also has steps following the surface 
of the substrate 1 01 , similarly as the block layer 1 02. 
After the fourth layer, crystal grows to form layers fol- 
lowing the steps of substrate 101. The radiative por- 
tion is in the active layer 104 on the center line of etch- 
ed grooves in block layer 102. Namely, the radiative 
points 109, 110 are formed at stepped heights along 
the steps of substrate 101 (Fig. 38D). Etching is next 
effected over the cap layer to electrically separate the 
integrated radiative points, so that electrode separa- 
tion grooves 111 reaching the substrate 101 are 
formed at middle positions between the radiative 
points (Fig. 38E). A cathode electrode 108 is formed 
on each of the n-type cap layers 1 06 separated by the 
separation grooves 111, while an anode electrode 1 07 
is formed on the bottom surface of p-type substrate 
(Fig. 38F). 

When a voltage is applied between the electro- 
des, a current flowing between the electrodes is con- 
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stricted by the block layer 102, whereby the current 
is efficiently injected into the limited region of active 
layer on grooves to oscillate laser. As so arranged, a 
monolithic integrated semiconductor laser can be 5 
provided, in which a plurality of radiative points are ar- 
ranged at stepped heights following the surface steps 
of substrate 101 with respect to the bottom surface of 
substrate 101 and can be driven independent of each 
other. 10 

Fig. 39 shows the positional relation between 
tracks on record medium and spots, where the mono- 
lithic semiconductor laser array of the present inven- 
tion is employed in the optical information record- 
ing/reproducing apparatus shown in Fig. 1 . The spots 15 
are depicted in size representing the difference of 
height from the bottom surface of substrate. Suppos- 
ing a distance between spots on record medium cor- 
responding to the radiative points at the same height 
from the substrate bottom surface is D' and the track 20 
pitch of record medium is L, a pair of spots different 
in height from the substrate bottom surface can be 
positioned on a same track by rotating the line of laser 
beams by G -sin- 1 (L/D') with respect to the track di- 
rection. Another pair of spots may be similarly posi- 25 
tioned on an adjacent track at the same time. Arrang- 
ing the positional relation between the spots and the 
tracks, record and reproduction can be simultaneous- 
ly carried out with two spots positioned on a same 
track, so that the recording operation can be complet- 30 
ed within a rotation of disk. In addition, such an ar- 
rangement enables parallel processing on a plurality 
of tracks, which remarkably enhances the recording 
performance, specifically the transfer rate of optical 
information recording/reproducing apparatus. 35 

Fig. 40 shows the embodiment of another semi- 
conductor laser array with stepped radiative points 
according to the present invention. The present em- 
bodiment is an example in which steps are formed 
such that two adjacent radiative points have t he same 40 
height from the bottom surface of substrate. In Fig. 
40, the radiative points 110 are formed at the same 
height and the radiative points 109 are lower by the 
step difference of substrate than the radiative points 
110. The process for producing the lasers is the same 45 
as in Figs. 38A-38F, but only the pattern of arrange- 
ment of substrate steps is different from that in Figs. 
38A-38F. The object of the present invention can also 
be achieved by the arrangement of steps in the pres- 
ent embodiment 50 

Fig. 41 shows the positional relation between 
tracks on record medium and spots, where the mono- 
lithic semiconductor laser array of the present inven- 
tion is employed as light source in the optical informa- 
tion recording/reproducing apparatus shown in Fig. 1 , 55 
which is described below in detail. In Fig. 41 , the size 
of spots represents the difference in height of spots 
from the bottom surface of substrate. If a distance be- 
tween spots on the medium corresponding to the ra- 



diative points at the same height from the substrate 
bottom surface is D" and if the track pitch of record 
medium is L, then a pair of spots different in height 
from the substrate bottom surface can be positioned 
on a same track and another pair of spots similarly on 
an adjacent track at the same time by rotating the line 
of laser beams by 8-sin- 1 (L/D") with respect to the 
track direction. Such an arrangement of positional re- 
lation between spots and tracks enables the simulta- 
neous record and reproduction with two spots on a 
same track, so that the recording operation can be 
completed within a rotation of disk. In addition, paral- 
lel processing is also possible on a plurality of tracks, 
which remarkably enhances the recording perfor- 
mance, specifically the transfer rate of optical infor- 
mation recording/reproducing apparatus. 

Although the above embodiments showed the 
examples of four beams, using even number of 
beams over four beams of course increases the num- 
ber of tracks which can be processed in parallel, fur- 
ther increasing the transfer rate. 

As described above, the optical recording/repro- 
ducing apparatus of the present invention can in- 
crease the transfer rate, as being three times faster 
than the data transfer rate in writing by the conven- 
tional magneto-optical disk apparatus if two light 
spots are formed on a single track to carry out over- 
write and direct verification, or as being six times fast- 
er than that if the overwrite and direct verification is 
done on two tracks in parallel. Also, the present inven- 
tion can achieve the high transfer rate, using the sim- 
ple and cheap optical system substantially identical to 
the conventional magneto-optical disk apparatus us- 
ing a single light source. 

Also, as described above, the semiconductor las- 
er array of inner stripe type may be arranged such 
that a plurality of lasers are provided on a common 
substrate as can be driven independent of each other 
and that the lasers have different stripe widths, 
whereby the relative defocus can be reduced be- 
tween the beams, which can prevent the recording 
performance and reproducing performance of the 
optical information recording/reproducing apparatus 
from being degraded. Also, discriminating the record- 
ing stripe width from the reproducing stripe width en- 
ables the recording laser to have the high-output 
property more easily than in the conventional appa- 
ratus. This permits the rotation number of record me- 
dium to be increased, which in turn increases the 
transfer rate and remarkably improves the perfor- 
mance of optical information recording/reproducing 
apparatus. 

Further, as described above, the semiconductor 
laser array of inner stripe type may be arranged such 
that a plurality of lasers are formed on a common sub- 
strate as can be driven independent of each other and 
that the plural lasers comprise low power lasers hav- 
ing a saturable absorption region in waveguide and 
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high power lasers having no saturable absorption re- 
gion in waveguide, whereby the relative defocus can 
be minimized between the beams, which can prevent 
the recording performance and the reproducing per- 
formance in the optical information recording/repro- 
ducing apparatus from being lowered. 

Furthermore, as described with the embodi- 
ments, the semiconductor laser of double heteroju no- 
tion type may be so arranged that a plurality of lasers 
are formed on a common substrate as can be inde- 
pendently driven and that the lasers are positioned at 
different heights of from the substrate bottom surface 
to the active layer, whereby two spots can be posi- 
tioned on a same track in the optical information re- 
cording/reproducing apparatus to enable the simulta- 
neous record and reproduction and thereby to com- 
plete the recording operation within a rotation of disk. 
In addition, parallel processing is also possible on a 
plurality of tracks, whereby the recording perfor- 
mance of optical information recording/reproducing 
apparatus, specifically the transfer rate, can be re- 
markably improved. 



Claims 

1 . An optical recording/reproducing apparatus com- 
prising: 

a semiconductor laser having a plurality of 
radiative portions, said plurality of radiative por- 
tions being formed at different heights on a same 
substrate; and 

spot forming means for arranging beams 
from the plurality of radiative portions in said 
semiconductor laser to form a plurality of light 
spots on an information record medium for infor- 
mation record and reproduction. 

2. An optical recording/reproducing apparatus ac- 
cording to Claim 1, wherein said spot forming 
means forms a first recording light spot and a first 
reproducing light spot on a first information track 
on said information record medium and forms a 
second recording light spot and a second repro- 
ducing light spot on a second information track 
different from said first information track on said 
information record medium. 

3. An optical recording/reproducing apparatus ac- 
cording to Claim 1, wherein said plurality of radi- 
ative portions have different stripe widths. 



semiconductor laser to form a plurality of light 
spots on an information record medium for infor- 
mation record and reproduction, wherein said 
5 spot forming means forms a first recording light 

spot and a first reproducing light spot on a first in- 
formation track on said information record me- 
dium and forms a second recording light spot and 
a second reproducing light spot on a second in- 
to formation track different from said first informa- 
tion track on said information record medium. 

5. A semiconductor laser comprising a semiconduc- 
tor laser having a plurality of radiative portions, 

15 said plurality of radiative portions being formed at 

different heights on a same substrate. 

6. A semiconductor laser according to Claim 5, 
wherein said plurality of radiative portions have 

20 different stripe widths. 

7. An optical recording/reproducing apparatus com- 
prising: 

A semiconductor laser having a plurality of 
25 radiative portions, said plurality of radiative por- 

tions having different stripe widths; and 

spot forming means for arranging beams 
from the plurality of radiative portions in said 
semiconductor laser to form a plurality of light 
30 spots on an information record medium for infor- 

mation record and reproduction. 

8. An optical recording/reproducing apparatus ac- 
cording to Claim 7, wherein said plurality of radi- 
os ative portions comprise a first radiative portion 

which has a beam size of 1 0 degrees or more and 
a second radiative portion which has a beam size 
of 7 degrees to 9 degrees, said beam size being 
of a full-width at half maximum of far field pattern 
40 in the direction parallel to a junction plane. 

9. A semiconductor laser array comprising a semi- 
conductor laser having a plurality of radiative por- 
tions, said plurality of radiative portions having 

45 different stripe widths. 



10. A semiconductor laser according to Claim 9, 
wherein said plurality of radiative portions com- 
prise a first radiative portion which has a beam 

so size of 1 0 degrees or more and a second radiative 
portion which has a beam size of 7 degrees to 9 
degrees, said beam size being of a full- width at 
half maximum of far field pattern in the direction 
parallel to a junction plane. 

55 

11. An optical recording/reproducing apparatus com- 
prising; 

a semiconductor laser having a plurality of 
radiative portions, said plurality of radiative por- 

17 



35 



4. An optical recording/reproducing apparatus com- 
prising: 

a semiconductor laser having a plurality of 
radiative portions; and 

spot forming means for arranging beams 
from the plurality of radiative portions in said 
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tions comprising a first radiative portion having a 
saturable absorption region in waveguide and a 
second radiative portion having no saturable ab- 



spot forming means for arranging beams 
from the plurality of radiative portions in said 
semiconductor laser to form a plurality of light 
spots on an information record medium for infor- 



12. A semiconductor laser comprising: 

a semiconductor laser having a plurality of 
radiative portions, said plurality of radiative por- 
tions comprising a first radiative portion having a 15 
saturable absorption region in waveguide and a 
second radiative portion having no saturable ab- 
sorption region in waveguide. 

13. An optical recording/reproducing apparatus in- 20 
eluding a light source arranged to provide at least 

one pair of beams of radiation of different cross 
section, and means for directing the beams onto 
an optical recording medium such that one of the 
beams is used for recording, and the other beam 25 
is used for reproduction of the recorded signals 
on the medium. 

14. An apparatus according to claim 13 in which the 
light source is arranged to provide at least two of 30 
said pairs of beams of radiation of different cross 
section so as to enable recording on more than 

one track of the medium at once. 

15. A semiconductor laser arranged to produce at 35 
least one pair of beams of radiation, said beams 
having different cross sections. 

16. A semiconductor laser according to claim 15 in 
which at least two of said pairs of beams of radi- 40 
ation are produced. 



sorption region in waveguide; and 
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mation record and reproduction. 
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1. Claims 1-3,5,6: 

Semiconductor laser with plural radiative portions 

at different heights on substrate. 

Optical record/ reproduce apparatus using the same 

2* Claim 4: 

Semiconductor laser with plural radiative portions 
used in optical record/replay apparatus producing 
2 pairs of beams for operating on two tracks 
s iraul taneous ly 

3. Claims 7-10: 

Semiconductor laser with plural radiative regions 
having different stripe widths and optical 
recording/replay apparatus using the same 

4. Claims 11,12: 

Semiconductor laser with plural radiative regions, 
where one has a saturable absorbtion region & 
recording/ replay apparatus using the same 

5. Claims 13-16: 

Semiconductor laser providing at least one pair 

of beams of different cross section and record/ replay 

apparatus using the same 
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